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INTROD0CTI0N
The reovirus genome oonsists of 10 segments of double-stranded (ds)RNA. The segments are transcribed by virus-associated RNA polymerase to form capped mRNAs (1) which also function as templates for a putative replioase in virusinfected cells (2,3).
In infected cells, reovirus morphogenesis commences 4 hr post Infection (2). In the early stages of morphogenesis, a fraction of the mRNAs is enclosed in immature virus particles In an RNase-sensitlve form (2,3)
. Within these particles the plus strands are transcribed into minus strands, forming progeny dsRNA molecules. The nature of the mechanism which ensures that each progeny virus particle receives one oopy of each genome RNA segment is not known. This is one of the principle themes in reovirus research, and perhaps of research on segmented genome systems in general. Each viral transcript probably oontalns recognition sites for primary genome transcription, mRNA translation and dsRNA replication as well as specific signals to ensure the correct assembly of virus particles.
Previously, Huisman and Joklik (1) found that a viral protein, absent from mature reovirus particles, formed complexes with all reovirus mRNAs found in infected cells. This non-structural protein, sigma NS, bound single-stranded (ss)RNAs but not dsRNAs C),5). Recently, Gomatos e_t a^. (6, 7) found that in infected cells sigma NS formed small spherical or triangular reovirus-specific partioles whioh sedimented at . These particles were comprised solely of sigma NS and, in addition to binding reovirus mRNAs, exhibited a unique poly(C)-dependent poly(G) polymerase activity (7) . These observations suggest that Sigma NS may act during infection as a condensing factor, bringing together the 10 reovirus ssRNA templates in preparation for dsRNA synthesis. Consistent with this possibility, a temperature sensitive mutant (Group E) known to be defective in sigma NS protein was unable to synthesize dsRNA at the restrictive temperature (8, 9) .
We have recently developed a general method for preparing cDNAs from a mixture of dsRNAs (10) . Reovirus oDNAs were cloned in pBR322, and recombinant plasmlds whioh contained sequences representing the 10 genome segments were identified. In this report, we present the oomplete sequence of the S3 gene which codes for sigma NS protein.
Possible mechanisn(s) involved in the assembly of segmented genomes are discussed in relation to the structural features of sigma NS protein and reovirus RNAs.
MATERIALS AND METHODS
Cloning of reovirus gene segment S3 has been desoribed (10) . Purification of the recombinant plasmid DNA was carried out as described by Birnboim ^t al. (11) , and the nucleotide sequence of cloned S3 DNA was determined by the HaxamGilbert sequencing method (12) . All P radioactive nucleoside triphosphates used for end-labeling of DNA fragments were purchased from Amersham. (18) . Codon usage by slgma NS does not show any bias against the CG dinucleotide, unlike influenza virus and simian rotavirus gene-8 (18, 19) . This laok of bias against CG utilization also occurs with reovirus S2 gene (16), although we found that human rotavirus gene-11 does display suoh bias. There is no apparent leader signal peptide at the N-terminus of slgma NS protein.
Sigma NS can form aggregates and bind ssRNA (7). To gain some insight into the conformation/function relationships important to these properties of sigma NS, we have examined the secondary structure of this protein and the distribution of (1) hydrophobic and hydrophillc amino acids, and (2) positively and negatively charged amino acids.
The predicted secondary structure and distribution of charged amino acids are shown in Fig. 3 . Sigma NS protein oomprlsed 36< ct-hellx, 31J 8-sheet and 33J coiled regions. The distribution of charged amino acids showed distinct clusters of basic and aoidio anino adds.
These clusters are present in helical regions; helical regions 1- 1 1 ) and 285-311 are rich in basic amino acid residues, whereas helical regions 2U2-2U7 and 265-278 are dominated by acidic residues. A hydropathicity plot (21) showed that there were no marked hydrophobic or hydrophilic regions (data not shown). By contrast, reovirus sigma 2 protein which we similarly analyzed was found to be can be as small aa 1 (21) . In addition, each infectious particle contains only one copy of each viral gene (2) . A mechanism based on random assortment of viral genes, therefore, appears unlikely.
Rather, a specific mechanism(s) that direots the selection of virus specific RNAs, followed by the organization and packaging of a unique set of 10 RNA species, should be expected.
To gain some insight into this problem, we have examined the structural features of reovirus RNAs and slgma NS protein since several biochemical and genetic data suggested that sigma NS might be involved in genome assembly during viral morphogenesis (1, 7) . Consistent with previous observations by Harrington et al. (25) , both S2 and S3 mRNAs were found to contain regions capable of forming stable intra-molecular base-paired domains, with AG values of -11 to -22
KCal/mole (Table 1 ). Apart from the 5' and 3' terminal oligonucleotides common to all reovirus genome segments (17) , there is no significant sequence homology between S2 and S3 RNAs. While common termini may allow selection of reovirus specific mRNAs from the pool of ssRNAs in infected cells, such common sequences per se do not provide sufficient information to enable the organization of a set of 10 viral RNA species into a precursor virion particle.
Possibly, the greater structural complexity resulting from intra-molecular base-pairing ( Interactions between termini can occur. More extensive sequence data on reovirus genes is required, however, to determine the extent of these types of inter-molecular Interactions between reovirus mRNA species.
Sigma NS is known to bind reovirus ssRNAs but not dsRNAs (1, 7) . In an attempt to correlate structural features of sigma NS to its biologioal functions, we determined a possible secondary structure according to Chou and Fasnan (20) . As shown in Fig. 3 , its overall struoture appears to be a rather extended form, since it is not a hydrophobia protein, with a-helix, B-sheet and coil regions scattered throughout the entire molecule. The observation of Gomatoa et^ al. (7) that sigma NS molecules form complexes of various size (13-19S) may be aocounted for by this structural flexibility. RNA binding and poly(C)-dependent poly(G) polymeraae activities associated with a fraotion of sigma NS oomplex suggest that slgma NS monomer is a multi-functional "building block". Complexes comprised of different numbers of sigma NS units may represent various catalytic, recognition and ssRNA binding sites. In this context, two structural aspects are noteworthy. Sigma NS protein is electrostatistioally neutral at pH 7.0, but it contains three major and distinct, looally oharged regions: a positive region (position 1-11) and two negative regions (positions 212-217 and 265-278). A stretch of ct-helix at the N-terminus of sigma NS contains a cluster of four positively oharged amino acids. A threedimensional construction of this helix (Fig. 3, inset) revealed that all these basic amlno acids were located on the same side. Such a configuration could be important for interaction with RNAs. Moreover, the same region also includes two serine residues which, upon phosphorylation, could neutralize the positive charges of basic amino acids. A neoessary requirement for a reovlrus assembly protein is the dissociation of protein and RNA before packaging. This could be accomplished via phosphorylation of these serine residues.
Alternatively, conversion of ssRNA to dsRNA would result in the release of sigma NS from RNAs.
